This study is particularly concerned with the comparison of normal speakers and stutterers as to the nature of their respective eye-movements during oral reading, and with the eye-movements of stutterers during stuttering spasms. Since the behavior of the eyes is such a sensitive indicator of many nervous and mental diseases it was thought that the behavior of the stutterers' eyes during speech might shed some light on the nature of the nervous disorder in stuttering.
This study is particularly concerned with the comparison of normal speakers and stutterers as to the nature of their respective eye-movements during oral reading, and with the eye-movements of stutterers during stuttering spasms. Since the behavior of the eyes is such a sensitive indicator of many nervous and mental diseases it was thought that the behavior of the stutterers' eyes during speech might shed some light on the nature of the nervous disorder in stuttering.
As far as the present authors are aware, there are on record no investigations of the eye-movements of stutterers during oral reading. Most of the data available from the photographic study of eye-movements pertain to the silent reading and fixation movements of normal speakers. Huey (6) and Schmidt (9) have summarized the work of earlier experiments in this field, while W. S. Gray (5) and Tinker (10, 11) have given comprehensive summaries of the more recent studies. The several studies concerning eye-movements have all been made in connection with studies of silent reading. Among these researches have been the studies of Schmidt (9) and C. T. Gray (4) with which at a later point we shall compare the results of our study. Comparisons will also be made with the eye-movements of stutterers during silent reading, a subject recently investigated by Murray (8) .
1 This paper is a preliminary report of the investigation of the eye-movements of stutterers being carried on at the psychological laboratories of the University of Iowa as a part of the large program of research on the nature of stuttering under the direction of Dr. Lee Edward Travis. 528
Photographic studies of eye-movements in the insane have been made by Diefendorf and Dodge (a) which will likewise be given consideration in the interpretation of the results of the present study. Our subjects were fifteen stutterers with ages ranging from 10 to 29 years and grades ranging from the fifth grade to graduate standing in college. Mild, moderate, and severe stutterers were about evenly represented among the subjects.
The reading material consisted of selections from textbooks in the social sciences. Four different selections were made of material varying in difficulty so that it could be adapted to the grade levels of the different subjects.
The apparatus for the photography of eye-movements was a somewhat simplified and modified form of the cameras that have become more or less standardized by Dodge (3), Dearborn (1), Schmidt (9), Miles (7), Tinker (10) , and others. The source of light was a 100-watt concentrated filament nitrogen filled lamp. The corneal reflection of both eyes was photographed on Eastman standard motion picture film through two lenses of the proper strength to magnify the movement of the corneal reflection approximately 4.5 times. The film was moved at a continuous and constant speed by an electric motor. Time values were indicated on it by means of mercury filled neon light flashing twice a second. The flash was timed by a stroboscopically regulated phonograph motor upon which was attached a cam and lever. The lever was attached to a rocker switch which made and broke contact in a mercury cup.
The apparatus herein described is designed for only the horizontal movements of both eyes. We were particularly interested in binocular coordination as well as monocular movement so that we did not deem it advisable to sacrifice the horizontal movement coordination of one eye in order to obtain vertical movements. On our records these latter movements are indicated by the piling up and thinning out caused by the light rays moving either with or opposed to the direction of the film.
The data presented ivere treated both quantitatively and Comparable groups from the studies of C. T. Gray and W. A. Schmidt are to be had as normals for a comparison of the results obtained on our fifteen stutterers. The groups selected from the former studies are comparable in age range and in school standing with our group of stutterers. Conditions of reading such as length of lines, size of type, and difficulty of reading matter is sufficiently similar to allow comparisons to be made. We find no significant differences between the duration of fixation pauses in the stutterers and the normal speakers when the averages alone are taken into consideration. This can be explained by the fact that the stutterers compensate for a few very prolonged pauses by unusually short pauses.
Since fixation time per line is the product of the average number of fixations per line and the average duration of fixations, the same differences would be found in this calculation as have been mentioned above in its components.
The following table summarizes the quantitative comparisons of stutterers and normal speakers in oral reading. This table indicates that the greatest difference between stutterers and normal speakers in oral reading is to be found in the larger number of fixations per line. Murray's investigation (8) of eighteen stutterers (fifteen of which were the same subjects used in this study) makes the data available for a comparison of the differences between the eye-movements in oral and silent reading within the same groups and between groups for both stutterers and normals. Table III presents the results from the several researches that permit comparisons to be made. In all phases of the reading process with the possible exception of the average duration of fixations, it is apparent that the stutterers have greater differences between silent reading and oral reading than have the normals.
TABLE II DIFFERENCES BETWEEN NORMALS AND STUTTERERS IN EYE-MOVEMENTS
The recording of eye-movements during stuttering spasms was the most difficult aspect of this study. The closing of the eyes and the movements of the head during the clonic and tonic blocks of the speech mechanism made it necessary for us to discard many of the stutterer's records. We finally obtained enough records of eye-movements during these blocks to be able to draw some fairly definite conclusions in regard to the behavior of the eyes during stuttering. The actual records obtained were supplemented by watching the movements of the eyes from the bright spots on the film while the records were being taken. These observations served to check the actual records and in some instances to reveal the nature of the movements during spasms to a better advantage than did the records themselves.
Indications of synchronism between the eye-movements and tonic and clonic blocks of the speech mechanism were obtained only by observing the movement of the spots on the film and listening to the speech of the reader while the record was being taken. In all records it appeared to the observer that there was a marked synchronism between vertical twitches of the eyes and clonic blocks of the speech mechanism and between prolonged fixations of the eyes and tonic blocks in the speech mechanism. The rebuilding of the apparatus 2 has made possible a more accurate indication on the record itself of the incidence of certain types of speech disturbances. The work thus far with this improved apparatus has served to corroborate the results obtained by the methods used in the present study. Figure I is a typical record of subject Dow., who is a The onset of a block is represented in the eye-movements of this subject by a prolonged fixation of the word causing difficulty. However, the eyes do not always fixate the word upon which blocking occurs. Figure 2 of subject Mas. is characteristic of the type of stutterer with few but rather prolonged tonic spasms which break into clonic spasms until the speech mechanism becomes sufficiently reorganized to form the word attempted. This record shows the end of a tonic spasm which lasted six seconds and the clonic spasms of recovery before normal reading movements begin. Figure 3 is a very unusual record of eye-stuttering spasms of subject Rie. during attempted oral reading.
Figures 4 and 5 are characteristic of eye-stuttering spasms of subject Cot., who is a quite severe stutterer with clonic spasms usually preceding tonic spasms. Fig. 4 begins with a tonic spasm which was initiated by a series of clonic spasms not shown in the record. Particularly notable in this record is the marked head movement associated with the clonic spasms. Fig. 5 begins at the end of a series of normal reading movements and shows particularly well the blinking of the eyes and vertical twitches preceding the tonic spasm. In this PLATE I Records of eye movements of stutterers in oral reading. In each record reading from the top downward the first line represents movements of the right eye; the second line, movements of the left eye; and the third line, movements of the head. In normal readers eye-movement lines begin near the bottom of the record corresponding to the left side of a page, and by a series of rhythmical jerks proceed to the right and upwards with the last fixation on the page indicated by the two parallel lines nearest the top of the film. The white spots show vertical twitches of the eyes. The gaps in the lines are the result of closing the eyes. Superimposed upon the head line are the white spots made by the timing lamp. The space included within any three white spots represents one second. 
EYE-MOVEMENTS OF STUTTERERS
' 535 particular section of the record, the eyes were perfectly rigid in fixation during the tonic spasm, closed just before the clonic spasms began, and showed irregular fixation movements, with marked vertical twitches during the clonic spasms. Figure 6 of subject Fis. demonstrates marked disintegration of fixation movements during a prolonged series of tonic and clonic spasms. This subject was a very severe stutterer whose eye-movement record during a spasm showed very irregular fixations, marked vertical movements, and many regressions. There were also considerable head movements and blinking of the eyes. The stuttering spasms of this subject were characterized by unvocalized 'spitting' movements of the articulatory mechanism.
From the many records obtained similar to those described above, there can be no doubt concerning a marked disturbance of eye-movements during stuttering spasms. Furthermore, there seems to be suggestive evidence for a means of differentiating types of spasms by means of the records of eyemovements during these spasms. We have observed four types of eye-movements during spasms from the records obtained so far: (1) Rigid fixation of the two eyes throughout the spasm; (2) vertical twitches of the eyes at the onset of the speech disturbance followed by a rigid fixation or slow continuous horizontal movement; (3) rigid fixation or slow continuous horizontal movement at the onset of the spasm usually followed by the closing of the eyes and then marked vertical twitches and irregular fixations until normal speech was resumed; and (4) general chaotic disturbance such as that in Fig. 6 , where the eyes alternate between vertical twitches and rapid aimless horizontal movements. We find that each of the stutterers we have studied thus far may be fairly definitely classified into one of the above classifications and that careful observation of the disorders in the speech mechanism during their spasms corroborates the differences found in the eye-movement records. These conclusions can be made only tentatively until they are verified by like measurements on apparatus which obtains both vertical and horizontal movements of both eyes and which also makes possible a more accurate identification of points on the record and particular disturbances in the speech mechanism.
Only four of our most severe stutterers showed any indication of binocular incoordination during spasms. Three of these showed a very interesting vertical twitching of one eye while the other eye remained in a relatively rigid fixation. The other stutterer showed incoordinated independent horizontal movements of the two eyes; a kind of temporary strabismus. No attempt will be made to explain these phenomena until our research in this line has reached a more advanced stage. 8 A very interesting comparison may be made between the nature of the deviations of the stutterers from normal speakers and the nature of the deviations found by Diefendorf and Dodge in the different insanities (2) . Speaking of the eyemovement records of maniacal patients they state (p. 463) that "it is again congruent with the disease-picture that the eye-movements, which we have found to be rapid, are secondary automatic acts, not those that require conscious direction and control, such as have hitherto been measured; and it certainly corresponds closely with our general knowledge of the diffusion of the sensory impulses and the interaction of the higher and lower centers, that these secondary automatic movements should reach their extreme velocity when the interaction of the higher nervous centers is lessened." These authors posit that the slow movements found in depressed and epileptic patients must be due to an involvement of the lower centers (centers for the simple reflexes and automatic acts) as well as the higher centers. The grossly demented patients showed marked inaccuracies of fixation and the patients with advanced dementia paralytica showed 'curious inconsequential fixations, breaking the normal eye-movements at irregular points.' * As this paper goes to press the senior author has just obtained some records with the new Iowa camera which give conclusive evidence of binocular incoordination in five of our most severe stutterers. Three of the subjects showed incoordination only in vertical movements, one eye remaining fixed during a spasm while the other moved markedly up or down or one eye moving up during a spasm with a coincident downward movement of the other eye. The horizontal incoordination was characterized by either a complete independence of movement of the two eyes or a coincident extreme convergent strabismus.
EYE-MOFEMENTS OF STUTTERERS

537
The eye-movements of stutterers during spasms of the speech mechanism are interestingly and remarkably well described by Diefendorf and Dodge in their discussion of the eye-movements of insane patients who have marked disturbances of higher center control with consequent increase in lower center activity. The rapid eye-movements of the stutterers during clonic spasms, together with the marked vertical twitches is a convincing demonstration of the breaking through of lower center processes. The increased number of fixations per line with no significant increase in average duration of fixation in spite of the several extremely long fixations of the stutterers is considered additional evidence that the nervous disturbance in stuttering falls into the class of disturbances caused by a decrease in cortical control over lower center processes. This finding bears out the work of Travis (n) on the decrease of reflex time during stuttering, and of Herren (12) on the decrease in extent of tremors during stuttering.
GENERAL SUMMARY AND CONCLUSIONS
By means of photographic records the eye-movements of 15 stutterers during oral reading were compared with like movements of normal speakers. Comparisons were also made between the differences in measurements of eye-movements in oral and in silent reading of stutterers and normal speakers. Qualitative analyses of the movements of the eyes during stuttering spasms were compared to like analyses on the insane by Diefendorf and Dodge. The results obtained indicate the following conclusions:
1. Stutterers in oral reading present more regressions per line, more fixation pauses per line, and about the same average duration of fixation as do normal speakers.
2. Stutterers show greater differences between silent and oral reading in all quantitative measurements of eye-movements than do normal speakers.
3. The finding of disturbances in eye-movements coincident with and analogous to disturbances in the speech mechanism suggests a general disequilibration of the nervous system as a whole during stuttering. 
HERBERT H. JASPER AND ELTFOOD MURRAY
4. Since the variations in the movements of the eyes during spasms of the speech mechanism seem to be somewhat analogous to the variations in types of spasms, photographic records of eye-movements during speech spasms may be a means of differentiation types of spasms and possible types of stutterers.
5. The automatic or reflex type of eye-movement found during stuttering suggests a relative decrease in the control of cortical over sub-cortical centers.
6. Interpretatively this study may be considered as supporting the concept emphasized by Travis (11) that the act of stuttering may be envisaged as a temporary recurrent reduction in the dynastic control of the superjacent levels over their substructures causing general disequilibration of the orientation of potentials within the nervous system necessary for efficient speech.
